Introduction
The Indian fishing industry has assumed a great importance during the last couple of decades because of the ever increasing demand of fish in the local as well as international markets. During the year 2014-2015, Indian exports of marine products reached 1,051,243 tons and were valued at US$ 5,511.12 million (1) . There are 465 seafood processing plants along the Indian coast, with a total built-in capacity of 20,256 MT. Especially, the Kerala coastal region has 99 processing plants, with a total capacity of 3,006 MT (1) . Among the coastal states, Kerala contributes 5.76 lakh tons to the marine fish landing in India (2) . Globally, the annual discards from fisheries, including by-products, is approximately 20 million tons per year (3) . All over the world, more than 60% (w/w) of raw materials, which include frames, fins, head, skin, trimmings, viscera, and roes of fish are discarded as processing waste by the fish processing industries (4) . In India, industrial fish processing generates 302,750 tons of discards (1) . The waste generated in the fish processing industries not only causes environmental pollution (bad odor and proliferation of insets and pests) but also leads to the loss of valuable components such as proteins, lipids, and minerals. These discards, which contain a substantial amount of nutrients, are widely used for the production of low-value by-products such as fertilizers, animal feed ingredients, and fish meal. Several biotechniques have been developed for the conversion of low-value fish processing discards into high-value products such as essential polyunsaturated fatty acids (PUFA), physiologically important peptides, saccharides, and other bioactive compounds. These recoverable compounds would help improve human health and increase waste utilization (4) .
The croaker, commonly known as "drummer" and "jew fish," comes under the Sciaenidae family. It constitutes 10-12% of the demersal catch of India. It is a well-known edible marine fish found in the both east and west coast throughout the year. Croaker is a carnivorous species and its diet comprises a wide range of animals, such as small fish, crustaceans, mollusks, and polychaetes (5) . In India, croaker is also one of the major raw materials for surimi production. Croakers alone contributes 1.62 lakh tons during 2014-15 marine fish landing (2) . Mainly the muscle parts are used in surimi production and the remaining parts discarded as waste. Chemical characterization of croaker discards is important to realize the conversion of low-value processing discards into high-value byproducts. Currently, the croaker processing discards are mainly used for the production of fish meal, fish silage, and fish manure. Since croaker discards are one of the important bio resources, they can be used for the recovery of bioactive molecules that are utilized in food, nutraceuticals, healthcare, and pharmaceutical industries for improving the economic value of these processing discards.
Numerous studies have investigated the omega-3 fatty acids in fish. This PUFA has several beneficial effects on human health, such as neural and visual development. Moreover, omega-3 fatty acids help in the prevention of life-threatening diseases such as hypertension, cardiovascular diseases, cancer, multiple sclerosis, diabetes, Alzheimer's disease, depression, cystic fibrosis, arthritis, schizophrenia, asthma, and attention deficit disorder (6) . This study aims to profile the nutritional composition of processing discards from tiger tooth croaker in order to reveal the potency of fish-processing waste as secondary raw material for high-value products.
Materials and Methods
Raw material The head, viscera, and swim bladder of tiger tooth croaker (Otolithes ruber) were procured from the local fish market, Cochin, Kerala, India and brought to the laboratory in iced condition (4±1 o C) in an insulated container. The samples were washed in potable water and stored at 20 o C. For each analysis, the samples were homogenized in a blender to achieve the homogeneity.
Chemicals Fatty acid methyl esters standards were purchased from Sigma-Aldrich (St. Louis, MO, USA). All other chemicals and reagents used in this investigation were analytical grade.
Proximate composition of tiger tooth croaker discards Moisture, protein, lipid, and ash contents of croaker discards were determined using the Association of Official Analytical Chemists (AOAC) method (7) . Moisture content was analyzed by hot air oven method. The total nitrogen content was determined using the Kjeldahl method to obtain the protein and expressed as % of protein on wet-weight basis. Total fat content was estimated using the petroleum ether extraction method. The ash content was determined using moisturefree samples by incinerating in a muffle furnace and expressed as % of ash on wet-weight basis.
Biochemical indices of tiger tooth croaker discards Non-protein nitrogen (NPN) content was estimated according to the AOAC method (7) . The NPN values were expressed in mgN/100g. Total volatile base nitrogen (TVB-N) and trimethylamine (TMA) contents were determined using the Conway micro diffusion method (8) and values were expressed in mgN/100g. Free fatty acids (FFA) were estimated using the AOAC method (7) and expressed in oleic acid percentage. Peroxide value (PV) was determined by iron-based spectrophotometric method described by Shantha and Decker (9) . PV value was expressed in meqO 2 /kg of fat. Secondary lipid oxidation products were measured using thiobarbituric acid reactive substances (TBARS) value by the method of Raghavan and Hultin (10) and the value was expressed in mg malonaldehyde/kg of sample.
Analysis of fatty acid profiles of tiger tooth croaker discards Lipids were extracted from the samples using the method described by Folch et al. (11) . Fatty acid methyl esters (FAMEs) were prepared according to Metcalfe et al. (12) . Accurately 150 mg of oil was mixed with 6 mL of methanolic NaOH in a flask and refluxed. After the disappearance of fat globules, 7 mL BF 3 methanol was added to the mixture and boiled for 2 min. Then 15 mL of saturated NaCl was added and mixed vigorously for 15 s. From the reacted mixture, the fatty acid was extracted using 30 mL of petroleum ether. The extracted fatty acid was washed with water and dried by filtering through anhydrous Na FAMEs were volatilized before conducting the gas chromatographymass spectrometry (GC-MS) analysis. Fatty acids were separated using GC-MS (Autosystem XL-Gas Chromatograph-Turbomass Gold Mass Spectrophotometer, Perkin Elmer, Waltham, MA, USA) equipped with a 0.25 µm film thickness and 30 m×0.25 mm ID Carbowax capillary column (Cromlab S.A., J&W Scientific, Folsom, CA, USA). The carrier gas used in this analysis was helium. The injector and detector temperatures were set at 250 Minerals and heavy metal analysis of tiger tooth croaker discards Mineral composition of croaker waste and the heavy metals present in it were determined using inductivity coupled plasma-optical emission spectrometer (ICP-OES), according to the method described by Dolan and Capar (13) . Croaker wastes were digested in a microwave-assisted extraction system, Milestone START D (Milestone Srl., Sorisole BG, Italy), equipped with easy-CONTROL software and 1000/10S high pressure segmented (HPR) rotor. Each sample weighed 1g and was transferred to acid-cleaned Teflon vessels. Then, 8 mL of concentrated nitric acid and 2 mL of hydrogen peroxide were added to the sample. The samples were then exposed to microwave digestion for 40 min; the operating conditions are listed in Table 1 . The digested samples were diluted with ultrapure water in a 50 mL volumetric flasks prior to elemental profiling.
The digested samples were quantitatively analyzed for Aluminium (Al), Boron (B), Calcium (Ca), Copper (Cu), Iron (Fe), Potassium (K), Magnesium (Mg), Manganese (Mn), Sodium (Na), Nickel (Ni), Cadmium (Cd), Chromium (Cr), and Lead (Pb) using an ICP-OES (iCAP 6300 Duo; Thermo Fisher Scientific, Waltham, MA, USA) with dual configuration (axial and radial) and the iTEVA (version 2.8.0.97) operational software. The calibration solutions were prepared from the ICP multi-element standard solution (CertiPUR; Merck, Darmstadt, Germany). Yttrium was used as the internal standard.
Statistical analysis All analyses were carried out in triplicates, and the results are expressed as average mean±standard deviation. Oneway analysis of variance was used to analyze the data, and the significant difference at p<0.05 between the means of triplicates were determined by the Duncans multiple range test using SPSS software (Version 20, SPSS Inc., Chicago, IL, USA).
Results and Discussion
Physical characteristics and yield of the tiger tooth croaker Physical characteristics and yield of the tiger tooth croaker are listed in Table  2 . The average total length and weight of the tiger tooth croaker were 19.06±2.71 cm and 59.40±3.46 g, respectively. Out of the total length, the head portion occupies 27.5 % (5.24±1.54 cm). In terms of biomass, the processing waste mainly comprised the head, which accounted for 32.04% of the total biomass. The differences in the percentage are dependent on the size, season, and feeding habits of the fish. Solid waste of fish, such as the head, skin, viscera, bone, frame, liver, gonad, and gut constitutes 20-60% of the total initial raw material. Dekkers et al. (4) reported that only 40% of original weight is edible fish meat. Another study showed that only 25% of the fish is utilized for processing and the remaining 75% of the fish is used as a by-product during fish processing (14) .
Proximate composition of tiger tooth croaker discards The proximate composition of tiger tooth croaker discards, viz., moisture, protein, fat and ash contents are given in Table 3 and the values are expressed in % of wet-weight basis. Evaluating proximate composition is the most important aspect for determining the nutritional status of fish processing discards. Proximate compositions of different fish and shellfish have been studied by different researchers (15, 16) . However, the data available on the proximate composition of processing discards is limited. The viscera of croaker contain high moisture content (81.15%) and there is no significant difference between head and swim bladder (p>0.05). In croaker discards, the fat content was high in the head region (4.10%) whereas the moisture content was less. The head of a fish contains less amount of muscle and numerous bones and lipid-associated membranes compared to the other body parts. This could be the reason for the high fat content and low moisture content in the discards of the croaker head. There is no significant difference between the fat content in the viscera and the swim bladder. Nazeer and Kumar (17) reported that croaker viscera contains 81.2% moisture, 13.1% protein, 4.3% lipid, and 1.4% ash. Protein content was high in the swim bladder (21.04%), followed by the head (15.2%). Generally, swim bladder is known for high collagen content. Thus, protein content is higher in the swim bladder than in the head and the viscera. Tiger tooth croaker is a carnivore and feeds on small fish, prawns, crabs, squilla, Acetes sp, molluscans shells, and squids (5). This might be the reason for the high protein content in the viscera. Ash content is high in the head region (2.26%) probably because of the presence of numerous bones.
Biochemical quality indices of tiger tooth croaker discards Fish and fishery products are highly perishable commodities. Their quality deteriorates mainly because of the chemical changes in the Temperature and pressure sensors were used to monitor digestion conditions and to prevent over-pressurization of vessels. Values are mean±SD, n=3. Values are reported as mean±standard deviation for n=3. The superscript letters indicate the significant differences between the discards (p<0.05).
major constituents, such as proteins and lipids. Because the changes in biochemical constituents are good indicators of the quality of the fish, the chemical quality indices will help optimize the processing and storage conditions of the fish and fishery products. Biochemical quality indices of tiger tooth croaker discards, viz., NPN, TVB-N, TMA, FFA, PV, and TBARS are given in Table 4 . NPN compounds are lowmolecular-weight, water-soluble compounds, which constitute 9-18% of the total nitrogen in teleosts and 33-38% in elasmobranchs. The major components of the NPN fraction are volatile bases (ammonia and TMAO), guanidine compounds (phosphagens, creatine, and creatinine), free amino acids, nucleotides and purine bases, urea (in cartilaginous fish), imidazole dipeptides (carnosine, anserine, and balenine), and betaines (18) . In tiger tooth croaker discards, high NPN is recorded in the viscera (382.62 mgN/100 g), followed by the swim bladder (371.12 mgN/100 g) and the head (340.02 mgN/100 g). NPN is formed by digestive enzymes and microbial degradation of nitrogenous compounds, such as protein and nucleotides. The higher NPN in the viscera possibly results from the action of digestive enzymes present in the intestinal tract and microbial activity. There was a significant difference in NPN content (p<0.05) in the head, viscera, and swim bladder of tiger tooth croaker (Table 4 ). Ninan and Zynudheen (19) reported that the NPN content in ice-stored, fresh tiger tooth croaker is 413 mgN/100 g. TVB-N is an efficient spoilage indicator and it indicates the degree of protein breakdown into non-protein nitrogen compounds due to bacterial and enzymatic activity, which leads to smaller molecules such as amines (20) . TMA can also be used as a spoilage indicator, and they are considered unreliable for use in fresh fish because they reflect the later stages of spoilage rather than freshness. The TVB-N and TMA contents were high in the viscera (23.16 and 3.55 mgN/ 100 g, respectively) ( Table 4 ). This is possible because of the high enzymatic and microbial activity in the visceral region (20) . The head region contains fewer amounts of TVB-N and TMA than that in the viscera because of fewer portion of muscles, lower endogenous enzyme activity, and lesser microbial load than those in the viscera and the swim bladder. Like NPN, TVB-N and TMA contents were significantly different in the head, viscera, and swim bladder (Table  4) . For fish, the maximum acceptable limit of TVB-N and TMA are 30-35 and 10-15 mgN/100 g, respectively (21) . However, there is no set standard for the utilization of waste based on the TVB-N and TMA contents. In the present study, the TVB-N and TMA values in tiger tooth croaker discards were significantly low; this indicates the good quality of the samples.
In fish, during the post-mortem stage, an increase in the FFA level because of the enzymatic hydrolytic activity of esterified lipids is a common phenomenon. These FFA interact with myofibrillar proteins of fish and cause protein aggregation, which leads to a tough structure. The acceptable limit of FFA in fresh fish is 2-10% oleic acid, and it has a negative relationship with the freshness of the fish (22) . The visceral discards of tiger tooth croaker had high FFA content of 0.92% oleic acid, and there is no significant difference (p<0.05) in the FFA content of head and swim bladder (Table 4 ). In the initial stage, the production of FFA is mainly due to endogenous enzymes, and in the later stages, microbial enzymes become predominant in the formation of FFA. Viscera is a place where the proportion of endogenous enzymes is the highest compared to that in other body parts. Viscera is a suitable harbor for a variety of microorganism. Thus, even in the initial stage, endogenous and microbial enzymes are surplus in the viscera and lead to the formation of higher amounts of FFA than the head and swim bladder. A previous study conducted on tiger tooth croaker had shown the FFA content in fresh fish is 4.30% oleic acid (23) .
Primary lipid oxidation was measured using hydroperoxides and is expressed as peroxide value (PV). PV is an excellent quality indicator of primary lipid oxidation during the initial stage of spoilage, because in later stages, PV value decreases by the result of hydroperoxide decomposition (24) . Among the three discards, the viscera exhibit high PV of 1.91 meqO 2 /Kg. This might be because of the high lipase enzyme activity in the viscera than the head and the swim bladder. No significant difference was found between PV values in the head and swim bladder (p>0.05). A study conducted by Sharifian et al. (23) had shown high PV (11.69 meq O 2 /Kg) in fresh croaker. Although hydroperoxides are not considered as harmful substances that hamper the quality of food, they undergo further degradation and form smaller secondary oxidative products, viz., aldehydes, ketones, and small-chain carboxylic acids, hydrocarbons, lactones, and esters, which are responsible for the off-odour and off-flavour. Secondary oxidation was measured using the TBARS value, which was high in the viscera (0.69 mg malonaldehyde/kg), followed by head (0.50 mg malonaldehyde/kg) and the swim bladder (0.49 mg malonaldehyde/kg) ( Table 4) . The major components involved in the oxidation are lipids and oxygen. However, in our study, the TBARS value for the high lipid content in the head discards is lower than that in the visceral discards. Apart from lipids and oxygen, trace elements such as ferrous (Fe ), along with various biochemical compounds, such as free amino acids, pigments, organic acids, and heme compounds, present in the muscle are involved in the NPN, non-protein nitrogen; TVB-N, total volatile base nitrogen; TMA, trimethylamine; FFA, free fatty acids; PV, peroxide value; TBARS, thiobarbituric acid reactive substances 2 ) Values are reported as mean±standard deviation for n=3. The superscript letters indicate the significant differences between the discards (p<0.05) acceleration of lipid oxidation (25) . The amount of secondary oxidative products in the visceral discards is higher than that in the head and swim bladder discards. Another study conducted on fresh tiger tooth croaker fish had shown a TBARS value of 0.83 mg malonaldehyde/kg (23).
Fatty acid profiles of tiger tooth croaker discards The fatty acid profiles of the processing discards of tiger tooth croaker are shown in Table 5 . Individual fatty acids are expressed by the percentage of total fatty acids. There are 11 major fatty acids that are found in all three samples included (C14:0, C16:1, C18:1n9c, C18:1n9, C18:2n6c, C20:4n6, C20:5n3, C22:6n3). The amount of Polyenes (omega-3 and omega-6 fatty acid) is very high in the head region, i.e., 58.82% of total fatty acids, followed by the viscera (45.80%) and the swim bladder (35.57%). The PUFA, docosahexaenoic acid (DHA) was the major fatty acid and found in the head region (20.9%), viscera (17.3%), and swim bladder (14.5%). A significant difference between the DHA content in the head and the swim bladder was found. In the head region, next to DHA, a high percentage of total fatty acids are present, viz., eicosapentaenoic acid (EPA) (13.6%), clupanodinic acid (13.1%), and eicosatrienoic acid (7.2%). The DHA/EPA ratio of the three discards was higher than 1.5. Jalili et al. (26) reported that the tiger tooth croaker from Khuzestan coastal waters, Iran, has 11.14 mg/100 g DHA. The fatty acid composition of fish depends not only on species but also on their natural diet, environment, and sex (27) . The results indicated that the processing discards can be a good source of omega-3 fatty acids. Among the monounsaturated fatty acids (MUFAs), oleic acid was the predominant fatty acid in all three discards, accounting for almost 6.60-7.26% of total fatty acids. The saturated fatty acid (SFA) percentage found in the samples varied between 0.02% and 10.20%. The major available SFA was palmitic acid. Its content was highest in the swim bladder (30.49%), followed by the viscera (22.21%) and the head (4.74%). A significant difference between concentrations of palmitic acid in the head, viscera, and swim bladder was observed (p<0.05). The results obtained in the present study were in agreement with those of the previous studies on two teleost fish organs (28) .
Mineral and heavy metal content of tiger tooth croaker discards
The mineral compositions of processing discards from croaker are given in Table 6 . Minerals are crucial nutrients, which are needed for normal body functions and processes. According to the Institute of Values are reported as mean±standard deviation for n=6. The superscript letters indicate the significant differences between the discards (p<0.05) Values are reported as mean±standard deviation for n=6. The superscript letters indicate the significant differences between the discards (p<0.05).
)
Medicine the average daily requirement of Na, P, Mn, Zn, Cu, Fe, and Mg are 1,300-1,500, 700, 1.8-2.3, 8-11, 0.9, 8-18 mg/day, and 310-400 g/day, respectively (29) . Minerals were found in abundance in the head region compared to the viscera and swim bladder because of the presence of numerous bones. The level of Na in the head was double than that in other two processing discards. Sodium is an important mineral, which is crucially required for bodily functions such as blood-pressure regulation, blood-volume balance, acid-base balance, transmission of nerve impulse, and normal muscle and cell functions. It also reduces the risk of stroke and coronary heart diseases (30) . The head portion also contains the highest level of Ca, Mg, and K, i.e., 346.75, 14.89, and 83.57 mg/kg, respectively. The amounts of these elements are significantly different in the head, viscera, and swim bladder of croaker (p<0.05).
Trace elements and heavy metals in fish have gained significant interest from researchers because of their adverse effects on the properties of the raw material and consumers' health. Among the trace elements, some of the elements such as Ni and Pb are used as indicators of environmental pollution, while Fe, Cu, and Cd are accumulated via processing aids and equipment (31) . In the head and swim bladder, cadmium was detected below the detection level, and in viscera, only 0.003 mg/kg was detected. Cd causes adverse effects in the human body by damaging the kidneys, bones, and reproductive system. Accumulation of Pb in the body affects the mental ability of children and increases blood pressure, which leads cardiovascular diseases in adults (32) . In croaker waste, the head contains highest Pb concentration (0.23 mg/kg), which is lower than the tolerance levels. Cr is found naturally in plants and animals and it is involved in protein, carbohydrate, and lipid metabolisms; however, excessive amounts of Cr may cause carcinogenic effects (33) . Croaker head and viscera contain 0.03 mg/kg of Cr, whereas the swim bladder contains 0.02 mg/kg. No significant difference between Cr content in the head, viscera, and swim bladder was observed (p>0.05). On the basis of the activities of the elements in the biological process of living organisms, they are classified as essential elements. However, these elements are toxic when they exceed their allowable limits. In croaker waste, these elements are at a very lower level than the recommended allowable limit.
The knowledge on the nutritional characteristics of fish processing discards represents a step toward in the process of utilization of fishery waste for value addition and further potential use. The results from this study suggest that the processing discards from tiger tooth croaker are valuable sources of protein, lipid, and minerals. Thus, the discards can serve as secondary raw materials and potential sources of PUFA, bioactive peptides, and minerals, which can be recovered and used for further potential use. Introducing a new processing line for the recovery of high-value bioactive compounds from croaker processing discards may boost the industry to the next level.
Disclosure The authors declare no conflict of interest.
